DEMODULATING CIRCUIT OF MAGNETIC RECORDING/REPRODUCING 
APPARATUS 



Pub! i cation number: 
Publication date: 
Inventor(s): 

Applicant (s) : 
Classification: 

- international: 

- European: 
Application number: 
Priority number (s) : 



JP8212716(A) ' 
1996-GI8-20 ■. 

SUGAWARA TAKAO; OSHIO UMEO; OSHIMA TAKENORI; 
MIZOSHITA YOSHIBUMI; ARIGA TAKAHARU 

FUJITSU LTD 



G11B5/09; G11B20/10; G11B20/14; G11B20/18; G11B20/12; 
G11B5/09; G11B20710; G11B20/14; G11B20/18; G11B20/12; 



Also published as: 

□ JP3456781 (B2) 
•QUS6501610 (B1) 




JP1995O01787O f995Q206 



Abstract of JP 8212716 (A) 

PURPOSE: To prevent the increase in circuit scale 
of a demodulating circuit and dissipation power even 
if the degree (n) of partial responses is increased in 
the demodulating circuit using the partial response 
and a maximum detecting method. 
CONSTITUTION: An equalizer 5 of a circuit, which 
demodulates the reproduced signal read out of a 
head 2, is prepared in correspondence with the 
different equalized target waveform. A plurality of 
sets 8 of detectors 6, which are connected in series 
in correspondence with the equalized waveform 
from the equalizer 5, are connected in parallel to the 
output stages of a filter 4.; The demodulating circuit 
is constituted so that only one of the sets 8 of the 
equalizers 5 and the detectors 6 is selected and the 
output of the detector is obtained by a switching 
control means 7 for selecting any of the outputs of 
the sets 8 of the equalizers 5 and the detectors 6. 
As to the equalizers 5, one equalizer 5*, which can 
from two or more kinds of the equalized waveforms 
having the different characteristics, can be used. 
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(57)Abstract: 

PURPOSE: To prevent the increase in circuit scale of a 
demodulating circuit and dissipation power even if the degree 

(n) of partial responses is increased in the demodulating <«: 
circuit using the partial response and a maximum detecting £ 
method. 

CONSTITUTION: An equalizer 5 of a circuit which 
demodulates the reproduced signal read out of a head 2, is 
prepared in correspondence with the different equalized 
target waveform. A plurality of sets 8 of detectors 6, which 
are connected in series in correspondence with the equalized 
waveform from the equalizer 5, are connected in parallel to 
the output stages of a filter 4. The demodulating circuit is 
constituted so that only one of the sets 8 of the equalizers 5 
and the detectors 6 is selected and the output of the 
detector is obtained by a switching control means 7 for 
selecting any of the outputs of the sets 8 of the equalizers 5 
and the detectors 6. As to the equalizers 5, one equalizer 5', 
which can from two or more kinds of the equalized waveforms 
having the different characteristics, can be used. 
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»4 6«Mfc 1=1 W»»fcftt>ftT fflS 4 *ifc*Mk» (5) 
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[ISAffi 2 ] »*JH i Bdilft »HK«C itti A|ff-£li05 S w fll 
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WlMl»"C*>oT % 

*J fktt« & 'I- «1" 3 WfkffiJfcttfiO SEB^R* St It , ifflffi 
yj 9 »*WHW^» (7) ic J; D najEllEB*lft«oflsik»3e«ll 

M!5fi»-e*>or, 

!»fti«EffcaS(5) wmyji»ftR«»»i:^«SS. 
tt2«»a«r»|-l|Ll-*3ft3eW» I f«(26) ll|-»$*tfc 
»5K*^ «b «HE«ft:« (5) w«J8S»5feia*fl-tti- & 

tt«ffitt-^«(25)fe»r/, 

ij »^.fl«W-1?-®:(7) vt *9 MfK*fkR««JI?SHB 
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^ li- 5 fitt ^[ri!^ iff CO m Kl *3 1 > T % 
Wl»i!«fk»(5) ^ 1 tte>«ff*«Hk»(5A)4:1Bfc (n) tt 
eo»R*Pffc»B (5B) I^J>^| ii«StEiW»<*ffc» (5A) it G 
(f)/K(f) tftSWfl-frftoJi^iiWfiRL, iitlffi»K^ 
fk» (5B) (1, 1 1 i (f ) ( i « 1 . 2. 3, n ) <b to Z> Wtt 4" 
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V) <h ^fk M Hfttn^ 1- eoSiSE, v M;1 2 mSti&tcMVtlr 
6»»W»-PHft(26) i: , 8WS4xfe»»^6>lW3aWk» 
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*>!BWIslS»XfcoX, 

nOl&ttWitfiiB 7 * (4) fc » I t , r co 
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T^ot, WdLtt*coifl«|Ei|« 3 , 
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5 i£r 1 fflcOMISrafbW 5 At IS^t n fl(0»»«<biW 5 H 
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«foJ:^(c«iau, «l»*fbiB5Btt, ni(f)(i=»1. 

2, 3. n) ^6«^oJ:9{:«t6^t 
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yj^ix^. 5?<b?5a, 5 bcO*fbW-;jr.t-it4xW*W 
«»6 o , 6 bi-A^)^n, *ix^*xc*)*»|»IH*A^-< 
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x ^ * 7 o >>> yj *9 m x- e>*v «a*«Mt«w«j^» eh 
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-con*, i^^i«^aoTijJ^to^ 

[0015] PR4ML ( n « 1 ) <L' E PR4ML ( n 
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"C, *«W*&ttRlC J 9 9 3* 1 1 Rff*> I E E E 
WiftW^ »ft«iU»a$ 2 9$No. 6 fPRMLiR 
PRMI-tflitf fcT* tr«*HlS&J ( "Viterbi Detector I 
ncluding PRML and EPRMl", IEEE Transactions on Ma 
gnetics. Vol.29. No. 6. Nov. 1993) CJ3^XK«l 

'/to 
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9 2 T'fiU\ A C Slaltt 9 3 'C, 

»JUTM:i;ji-6. n-«ft:lial«9 h M > 

[ooi 7] j^T{-^i-^[j\ r,cois?i5ir;i]iv/"ct^ t* 

h , 6 b ({$(t|j$ 6 a & V R 4ML, tfeOT 6 b «r E P 
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2 (cm. j. 7r- ^y>at|&lBLfc r2jfi/<— 

l^tf^x&cDj&jfi&ftfj ["Optimal Reception for B 
inary Partial Response Channels", M. J. Ferguson. The 
Bell System Technical Journal, vol. 51. No. 2, Fe 

b. . 1972) ii*sftT^fcj:5tt, urpvmmnm 

[0 0 2 0] "J; t E P R 4 M L |C*JU ^Cli, 1 9 9 1 
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^jih^^ifWj^ I* is y K«aifirj ["Dynamic Thres 
holdlmplementat ion of The Maximum-Likelihood Detec 
tor for The EPR4 Channel". Kelly J. Knundson, GLOB 
ECOM' 91, 608. 1.1, pp. 2135-2139. 19913 l^^ilt^ 
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MttttrJ:. B6 (a) (c>iM-J:->ie M.</MB (t^io 
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3 iC?J< Lfc»fta» 5 b £ ttfcUW 6 b 

k p &*»IC|*I 3 Litmm 5 a £ l&fllft* 6 a ooftl 
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S/N<0«&>h<* < 1~<S r t d«-0£ <S 0 fc4o, |$ 6 (b) 

<o**fls»«iS £ tfW S/N ^«*fe* co r £<, 

[0 0 2 4 ) iK^-f^^SBweaMt-se 

i: Lfc*-fr, $17 (a) tc^j-J; *f4*9 J 0>lAlJH /0 
i-6163 3isatt^. BoT, IK] 7(b) |C3j*+J:vK«« 

{bSM&tiitt^-f iwrtJN-e«**<. Wirote'hS 
i \, * r T\ t-attB rp ( h y y # {xCfflt) . * * 
J; 9 brtflH-CttB a fc* LfcSMfcW 5 b t AMIS 6 b 

v y * 0>tgHti: x -< * * mfllBlHM* 0> h = > v 9 

[0025] a-fc, jprfifi^wtettftttfrittart-* ^ 

. try h • U-i-rWi/ ( Z BR) MBJflS 
nt^5, r^ZBR-CIl, 13 8(a) (CTFi'J: 9 lw s -r 

Sia&WR**. 1*18 (b) U^^«c/)J;7i-, r-* 

wse»«jffi& — St ufc»*» *f i tio*tflu:&& 

o TS/N lift < £ ntt*SiS7BaE** J::*« 9 , 

«iSai!f* % /->f*I^J9»^fc»^ s 
/ N ills?! 8 (b) aggflltt X *> U ft 6« it . C w £ £ tf> 
MttfbttffilSttft 8 (o) ic^tX o IcfcS. 30 
[0 0 2 6 ] t:. 'C, H 8 (c) i£>J<-i-S»fL*«J« i< p 
«ifli s-y-s Mitt «o w>y>] g z p frigid -tn 

fb3»5 a &tt/lt^6 a So 

6 d £ [z X 5 »ffi£*'C#>S„ 
[ 0 0 2 7 ] H£iC % «W<b»Wlffi<±*tt«[» (h?y 

«•/■** LfefecOTfe©. nCttlftftMiWA' k 

p -C<jlJ »3 »x.6<B*"C 0 ^x.5r?7 5 T-flHfi: 

9 U »^tfcK rp ( h v ^ ffiR) rp ' & 

liil i 0 UT^-J; ? {c^j 0 tt^.ftf»lMl» 7 ^BEtt^H Xte 

[0 0 2 8] ft*3, r r -C*4. 9 «X.WM fc LTfll 
X. CO ft ft a ? *) ^> o W ^ CI\ ^ ^ 4 ( P R 4 M L) « 5<7 



VtVH¥ 8 - 2 I 2 7 J 6 
»W»rttt:«^7^4 (EPR4ML) IdJt^ iHAfb 

^we^^o ^-:t, rfsaco^r-^watrtf 

[0 0 2 9] ^fc, *«WliPRMLWW^|«JES*v* 

2«*»««0*hK4r^i"<>^-e*>-6. 
2 co^Jf^f^>i< 4 5 L/-?[*J I 0yMMW>ffi%$d%kn&. 

tf>3t», lad 3 LfcWftiaj^W'fbSS s « . s b ^ i m 

ld^j|fifbi"-6w4r*<"Cft&. LT. M6a, 6 b 

[0 0 3 0] 12| 1 2 14 r. fiO P « fc» 5 ' Sr h 9 ^ 

^ h V tV - y (b tTy h^WJ 

i:Rli:k*IW»»Jl!«lHjJf8 2 J , ^^(^ 
^ y T'Wtttt-i-S 2 2 , ^t-K^tl^X 

(/)?RJSH:WJ'Sr^ 11>M^ fcV) wMiiS 2 3 ^fiffixX^ 

2 2 tCA**tb, B 3 1 i->^ LfctPJ 9 »^.*f)»|Mltt 7 
^ HT W 2 21: f j- x. b k\ & o 

[oo3i] ^c;)^ y^«*rip«*3T$ysfft-e/i:< , m 

R**^*^**^^* Hi 3I4H1 2WPSrif«»ft 

^ «r ai«?fl «? f ba» t l ®ft (» mm m % mi- h wc* 

% -t- tt-^tico B WwtiiB & ndtitf 6 13 - 
25^ r:«!«268tWlH|]« 26^ ^ y ^^RlH-WiaWS 
2 7 **<»itfcjh,T^5. -'-:*W28SrHJlMl»2 fiiianff 

8S 2 3 W^bU^Jt l3«»iK^--^/U2 5A»f*Wl3«jffi 
WfcfiO--«aRi6SrlH'Wur^ y/«»»Hfliai«2 7i:i 
^>o ^y^iiR«3tjyrMlJ»2 7ttXW0W«c^tW-:.*W 
2SldJ:9*y^«fc«ritt«, WL, »W«22[cffl^ 
+ -6, w<OJ:^|c, wCO*lK«X»«3lft»»2 2, /ffiWW 
2 3 , .-HMRSKJhff P1» 2 6 , ^^/>y y ^WftW-Wr^B 

feyj 9 »*»JWim» 7 ^feWS/J 9 W*.flW»« ^ 9 , 

i;i - y /u 2 5 a» b * s n s 0 «as» «r uu o # 
^:tia9s Bfffl^«»ic»{bi- ^ w «t x>s njfli i 4 

So 
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[0 0 3 2] t - ?>X\ **IH#fctt 3 f * HWICOjffi 

c (i+D) «0V{fc*tT3#5£*^Lfc (*»1<*6 
- 2 9 7 8 5«d>fR#ffil) , 

i «i»fti»atff(k»5 awhi/i&u:, mitfuafu 

C^j:^/>\ »R3*lfclrSW8' W»W5Bi:«i 
M:l W 6 0>fflbflM*f$if:. S U; S J; 9 Id o X I ^5, 
[0 0 3 4] l^; nili J ^1:: ^ ^> I i!U j> ^> < ^z. 

(f) kisX&xi:, mmMo^itntmm&mm^m-/A 

G(f)*Hi (f) 2. 3. n) L"C*Hlr6<frft 

(f)/R(f) !:/j!6«tt:M3foJ:5i:MU »BM?fl:» 

5 15(1:, Hi(f)(i«l. 2. 3. n) ii6W*lrffo 

J: -)l:fMt^ f . 

[0 0 3 5] - w&lteW-erJ:, |tMifi#teJ»it*A»* 

A; $ < fc£ffifj$^<U»5 A«r*aDft+-6Wl^ 4 fcoT, W 

IKWKWfWwWrJc^i-^wT**} , rm&#Mktftf5 a& 

ih-wieimi 2 7 ^iatt t>nr*j n . * •> v j «ttfltwiHira 2 
7 -rsKBsnfc^ y ^{*«jwVM»*y<kJi» r>A^^ #* 

liiljfft 7 (;.A^$ii6.:t 0 fcftoT^a* c:co«jfi***>» 
J: 9 ic, ca>58Jfc«<i, iixjU Lfc * * ^ffiftcotft** 
^».»ft»*Jffi«tt«:*ffiSIII U yj 0 tt£fMWI3IH 7 (c J; 
o r fftJWMfcW 5 B t m\VM 6 old a ' wf5J4x^4r»lR 

6. 3 * y ■7"*C*>£ £ <!: » 'T'4L>C0^ y 

-/X'±\KWS'< U WMG>* -x ^"Cft4>^-T»* 



(7) »BHf-8«2 I. 2 7 1 6 

fflko* vSmkltc p "CJfeofc»<3\ ttfttklftffij&K p 
£ * y V«* Cpi f±*Wt-T <& w T% ^ ^ C p 
>m(2\ tt»fbBWfflEKpW«^>*^, lo'C 
"T'tt* C p SrJ&lc LT«ftB <L »!JJ»«0*ll&W *5 

c/) ^ y y n mk i- <3 1 1 um l < 6 , * - 1 ' -o 
»»J8S«>«v^ («»fk*Wiff[-*J-LR*atwa!5t^ -9 y / 
/() ic«l?li-ixl*, »fk^fcttMtW^WwW*>W^Jl»i»U 

[ 0 0 3 6 ] 1*1 1 8 (vUXl 1 5 tr>j< L/l*KMW«l<n»ig 

ffi (MMttfle) 4r»fc-ttfc*B7-f/i/^4' ^t^lTlLfc 
4»*w35*«'C*>'6. got, rco3B3»Mt»ttiWiia^-f 

^w , i£*SCT»c#3rj-^Hfiaffl7^/u^4 # s riijil^^fk^f 5 
20 A , »JS:^?Mk» 5 is , 6 , ^ 9 #*W*Pli5IW 7 , 

^ y^«ftBfff|Hltt, ^OTJ^ ^X.^^ yf7 0 {:):, .1 
[0 0 3 7 ] |J*]1 9ttl23&«»tt±"C»-fc*-/-^ h«* 

2 o ,]: 9 ic«fki-*« * r -c\ i2d i 8 wyj o #x.fi;-ijtaii 

JO iol?87 C^, x h-moOH'T^. i$i\,^:lj<&£{akCX 
^{k^ 5 B ^IAIJ1% 6 9 ^.«rtr ? ^ -v 

cofiKCp, Cp' ^r-'^H/C^i;,, Wirf*"6 : 9V-(^: 
J; o -C tSEfkW f> B tt 6 cq«io t> «f ftj ijH ^ 

[0 0 3 8] 1^1 2 1 (:J;^|^{ I 3 R 4 M L ^ E I 5 K 4 M L 

#JltS^3/ K1C9 1 <L*|bW.t!r^l«9 2»,«^fiOH» 
^0 3 1, /'Jrj"//3 2, Nir/I IBM 33, ^ y 

K r C 9 J ICjfo&«^l»IW3 4 SrKr^ty K2/^0^:^\ 
[ o 0 3 9 ] fit«-7 f ^ ^ l A^P>^y K 2 U~ J; o 

a» 3 & , nr*ifl«?ia» 3 5 fir«r«»W7 -r 1 ' ca^j 

Bfl«V-f /u^ 4 ' W/.liyjrj:A/l)^Mv3 6 Sr 
W.raitWbW dW»»fkfl») 5Ai:A*Sii, ^«m,j 

50 »Wli3«J4 4WM.Wj«vfo ("fiftlKiasaiKWW) 'J6 
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3 5ICA^3$tb*. 

[0 0 4 0] fcja, CWS5*«-CM, *ft«ftB5B f 
rJJjH.fl»3 7 <L J. ^V*JOno««:»7-(iJ:oT ( 1 + 
D) «»ft*«tT<C W'lT E PR4M LMKUB 6 * {CA^ 

ffijgPR 4ML«MI»6' lcA/Ji-<5«ric4:*orv> 
6 0 PR4ML«lttS6 / Wffi>3^pKlBORlHl»3 9 (C 
A//<**1<6>^ Rl»R4ML*fflB6 l «ttlW^f 
^-^3 8fcttfcfclCORI5MS3 9{CAAdtt, 8/9 
<K*»4 0*r«XWt«*i LXjK^i9it|Mll«9 2**fc 

[ o 0 4 J. ] L^t^WflfiaKA^CD-/— * hfifctt, 
MK7-f/i'*4' t*iO*)#iL<W1WPIi«7«cA/jSn^ 

m *) fiF^MniBiKK 7 ic«ia*«fk«» 5 a * :/« 

A* £ *v aw>«ffcW 5 A * y :^«tM< c; p J; y 
-Adv^JldliT fcliWU Cp«T©Mi:iiT frtU 

TJSKSnx^- MS** LTANDM4 2lcAJ)£ 
tl6. AN DMI$ 4 1 , 4 3«tt*WAAWiVFO 
("/*IRItt*fc%ttS») 4 6/j>t>»^ in -y^/M^^il 

{Cit A N D (gift 4 J. -Srilfi i: X * n y * P R 4 M L Mill 

186' ca^c^l, yji)»^iwwiHii»7A>e>tf>myj*< 

"0" COlKftCttAN DluliffW 3 4riiD IS'C 0 P * * A* K I' K 
4ML«MI»6* liA^Sfn, ^nyi'/M^^^P 

[0042] aWWCtt, W "J 7 iaoT 

i^*J > i^: T *r ^J>1 ^ 1^ t ^i^'-J 1^1 * vi: ^ W 0 tf &M 
ttlfslWi 7/Mfb<WJ "3 »*»J*Pffi*l£J: Y ) > AN DfBlW 4 
1 , 4 3 IC 43 V » C P R 4 M L -fife f Ji 4g 6 ' fcE P R 4 M L 
tMi»8* ^x^i'-co^ p * ^ h U S84K£ft 

[004 3 ] vymfoVA'Coym y w&MWiaiiffi 7 rijfijE 

€fft«5 A CO*' ^ y 7'f#»fi0 U 7-/l/>XC 

p i: ^J:»r.+^ U'C^J »9 ^xJliiJWS ^«rM:S^^-^. flit, (9J 

xCp !±OTV -f /u* 4' hftiri&crjK-ftS 

[0044] -Kfc, mmy^^^4' tmfommsA 

t \c ,t o r i i- n awffrfttff *>Jx&. *:>^> iSftqt 

ft« 5 A b W Ml |* P R 4 CO ftji flg £ tit Z> v y cZ. X E P 



(8) WBH-T-8-2 J. 2 7 16 

R 4 «Ofcfe«0»j5B:«ft»5 - ' * L"C)ttj«l!a||*D i:/Hl»W 
3 7 fcJIJUT^S. P R 4 tt3fflffittT*>£60|C*J-LE 

i»R4ii5«fl*i45. i</.)J; 942S«i 

to«ja^i-6*tc j: ij , p r 4 wflj 
o. 

[0 04 5] /j:^, ^bW^ <t O^BI 9 W ^. *rtx o »*fe(± 

HjflB-C*>a« 8/9 (0, K/IJ R K I- (R 

un Length Limited) ttfyb LT» i&feattttOiSttft 
K SrlWIRI- 5 /fit -e<c < , P R4ML ^KHMjacO/^^ > 

[0 0 4 6] (1) "Method and apparatus for Imp I erne 
nting optimum PRML codes". J. S, Eggenberger and A.M. 
Pate I, U.S. Patent 4, 707. 681, Nov. 1987 
(2) "Method and apparatus for Implementing a PRML 
code", B. H. Marcusand A. M. Pate I and P. H. Siege I, U. 
20 S. Patent 4. 786, 890. Nov. 1988 

* IT, M 2 1 iZHSk-tQ-?!) ~t—V3 2 \~X 8 / 9 R L L 
3 1 *>tf.W tPR4M LMWS 6 ' (OMjt co 0 

<:>) fcwcttitTv^o 

[ 0 0 4 7 ] l*j 2 2 l*i K P R 4 M L <:> I- l/'J^I 

^b^iso o o^<o3#*ta!feH-&» — * i wjaaa^'-i- 

i:fc»-&l>|Sfl«T?*>0, 4^11 1 1A»P>«(61 l l^fiO 

ff %rfc<&®zX}bZ>o L/)* \M\ 2 3 Uiij*1M: o ;c x P R 4 
■odtftfflir^w 0, 8/9«r*lc*jr/S0Wi!BK 

fifcy> % PR 4MIJ11I-MI •*nfc8/9»*«r/T1^* 

[004 8 ] ffl 2 4 (a) , (b) tt P R 4 M L -CWJlr^tl 
40 6 8/9 (0, 4/4) K PR4MLWtttB8S 

(/)/nX> -Tr y «ft «b 1^ • V ■ h B I£ R CO 

Kj*s 1 O-^eafflSriSja^iir&fciOI^Ci^^^-x- y Sr 3 0 
ftEJUrJcl-a^'B^ibSjO^ ~f x ) (1/ ( l . -I- 

O) ) .od2ft|ipAUfc»^, 1 5»-C»tfii: 

[o 0 4 9] _ i - i>n ^ V; f^i mi ^ - e <i - ^> ^ 

.50 UTJSLft-U:**:*?), Ift^luimiK <L- OiKJ»^flSilii-e«^, 
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[0 0 5 0] 

«:(9JL & \tZ> Z. t !- J: 'J , ffi ft ^>*fiJ»l«rffll A. d 
[0 0 5 1 ] got, »B^?>H^KLfcWfli^— ^« 

[18 l] (a) li*:«W«otB 1 »^ttw«ttSrIJ»PFi3£Ka 

wtH»ipji*w^ (b) f***i«cogj 

ini Jfft coflWt & >7< '•}" WHItilric lil ~C *> 5 . 

[|*l 4 ] XMMflEiflR 3nfcPR4M L J: E P R 4 M I. W 
tt « it «E 4' / J < i" *K HQ 'C So Z> B 
[I*] 5 ] *«UlIIE!« £ nfc P R 4 M 1- <b E P R 4 M L CO 

[1*16] (a) «±«*^*|»co5e«tailH-^fltti«ISfl. 
(b) <:.»: P R 4 M L £ R P R 4 M X.*ti#iri(Ol&foi\Mlte 

IIS 7 ] (a) !«f ^ x ^ 0>AM £ *«W*-«f«y.R4: 
jjWttHBBL (b) 11(a) «o*€Ktfj , »(c*ri-6«»<t»* 
/£ vM & # irmm *e P> & , 

[|*|8] (a) • tr*y h • Ka—*F4f/$:Vkm 

UKr-i^^ 1MM/: K fiH«»'.W SrlRifl i" * 18 > 
(b) tt(a) c/riM#{v:iS^^ 
l*K (c) ti(a) oo^ffifttt^^ 

[1*1 1 0] 1*1 9 <?>^ 5/ K^>W*fetf>l'f C»oaf|c>tfi£:i , "a^J 
►J # x. 131 gft w»r« & fflWH '•)■ -6 lul smiSI T 6 , 

[Hi i] x&m<n&2omMW(o&ft&mv&K!a<o 

[jxll 2] 1*1.1 I <0Nffl»f*5fflr.«l»«r l-y^*'<—'Jvu 
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fa»ftiii«w«iasr>j^"y r ri y V mh'c#j<:>o 

IM J 5 ] M 1 4 vm a ^>SMM^!K^%lli[M^«K^£ 
[1^1 l 6] 5 w Wo* iH4«ffltiftiHt 

[Rl 8] (ill 4 o« 3 wS*W«ttws^*tt««0Bt 

imi 9] mi s^ttw^^-c^-xhttt^ifc 

[|jicl 2 0 ] ^ N ^*>4:)»^w««fk««flf <L- ^ y -/ 
[W 2 2 ] E P R 4 M L [C*Slt 6 h ^ 'J ^IAMTA>&. 

[B23] KI2 i wioi!^i-4yr^-7 , y =i — yo«i*«r<tt 

[H24] (a) ( 1 |s4 2 I o !n| j% (c & t ^ X U « i — V 0) tt 
i^^wtr-y hx7-i/- (b) IJ: 

[|»l 2 5] (a) tvt^*WE^t7" -f ^ * 
'jH-«l«BI, (b) fi(a) <r>X 

1 - - ■ «K5tt itBtKMS («fi«7- -f * f ) 

K 

3-JB«lii!l!« 

4 ••'fl&ttiffiifi? -C 

5, 5' , 5 a, 5 b-Wa 

5A-i»ra«fb» 

5 B-mmwM 

2 I "-JffijaElulM 
2 2-»W«M 

2 3— AlllSW 

24 - ^ j/7l^f //U 

2 6-J.«iKI5«3t»P?ltf» 

2 7 • 9 y^mmwfo 

50 7 O-¥J0»&*-f y/- 
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